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INTRODUCTION 


Contractor  A  successfully  developed,  under  the  direction  of 
Frankford  Arsenal,  a  cool  burning,  single  base  extruded  propellant 
CR  769S  for  use  in  20mm  aircraft  ammunition.  Frankford  Arsenal 
Reports  R-1449  and  R-1470*'  describe  the  development  and  tests  of 
this  propellant  CR  7695  and  the  various  other  single  base  extruded  pro¬ 
pellants  that  led  up  to  its  development.  Following  this  development  an 
attempt  was  made  to  improve  the  erosion  characteristics  of  single  base 
extruded  propellant  by  two  methods;  namely,  (a)  obtaining  a  centralite 
coated  propellant  that  develops  a  lower  chamber  pressure  than  CR  7695 
when  fired  and  (b)  developing  a  new  small  arms  extruded  single  base 
cool  burning  propellant  type  with  a  deterrent  incorporated  in  the  base 
grain. 


Contractor  A  continued  the  developments  under  existing  contract 
DA-36-034-507  ORD  125RD.  3 

These  two  new  propellants  were  designated  CR  7787  (the  centralite 
coated  propellant)  and  CR  7814  (the  internally  deterred  and  centralite 
coated  propellant).  A  new  rolled  ball  propellant  designated  X  2048  had 
also  been  developed  by  Contractor  B  for  20mm  ammunition.  After 
satisfactory  preliminary  testing  at  Frankford  Arsenal,  combined  en¬ 
gineering  and  erosion  tests  v?ere fired  at  Aberdeen  Proving  Ground  with 
these  three  propellants. 

The  details  of  the  development  of  the  extruded  propellants  CR 
7787  and  CR  7814  together  with  the  results  of  the  engineering  and  ero¬ 
sion  tests  at  Aberdeen  Proving  Ground  with  these  extruded  propellants 
and  rolled  ball  propellant  X2048  are  reported  herein.  Data  has  been 
previously  reported  to  the  customer  by  letter.  ® 


METHOD 

Development  of  Extruded  Propellants 

3 

Contractor  A,  technically  supervised  by  Frankford  Arsenal,  was 
to  develop  cool  burning  extruded  propellants  that  would  be  suitable  for 
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use  in  20mm  aircraft  ammunition.  The  first  two  phases  of  the  develop¬ 
ment  have  been  reported.  This  report  covers  the  third  phase  of  the 
propellant  development.  The  contractor,  after  consultation  with  repre¬ 
sentatives  of  Frankford  Arsenal,  prepared  small  (2  to  5  lb, )  samples  of 
propellant  for  testing.  Initial  tests  (including  closed  bomb  firings)  were 
performed  at  the  contractor's  laboratory.  When  these  tests  indicated 
the  propellants  to  be  ballistically  suitable,  samples  were  forwarded  to 
Frankford  Arsenal  for  ballistic  testing  in  Cartridge,  Ball,  20mm,  M55 
at  +70°  F,  After  a  review  of  the  results  of  the  ballistic  tests  of  all  the 
samples  submitted  to  Frankford  Arsenal,  the  two  most  satisfactory 
propellants  were  selected  and  larger  samples  were  manufactured  and 
subjected  to  more  extensive  tests  at  +70*,  -70*  and  +165°  F.  Propel¬ 
lant  CR  7695  developed  under  the  second  phase  of  this  propellant  de¬ 
velopment^  was  used  as  a  control  in  these  tests. 


Engineering  and  Erosion  Tests  at  Aberdeen  Proving  Ground  with 
Experimental  Propellants  and  Primer 


Since  the  d|velopment  of  experimental  double -base  rolled  ball 
propellant  X204e  was  completed  about  the  same  time  as  the  develop¬ 
ment  of  extruded  single  base  experimental-propellants  CR  7787  and 
CR.  7814,  it  was  decided  to  combine  the  engineering  and  erosion  tests 
of  all  three  propellants  at  Aberdeen  Proving  Ground. 

Since  the  development  of  the  FAT  27E1  primer  had  also  been 
completed^  it  was  decided  to  load  all  the  new  propellants  into  cases 
primed  with  the  FAT  27E1  primer.  Therefore,  these  tests  would  also 
serve  as  engineering  and  erosion  tests  of  the  new  primer.  Additionally, 
these  tests  became  an  evaluation  of  ignition  systems  rather  than  evalua¬ 
tions  of  specific  propellant  or  primer  types. 

The  first  four  of  the  following  listed  lots  of  Cartridges,  Ball, 
20mm,  M55  type  were  loaded  at  Frankford  Arsenal  and  forwarded  to 
Aberdeen  Proving  Ground  for  test.  ^  The  fifth  lot  was  supplied  by  Aber¬ 
deen  Proving  Ground  as  a  control  and  contained  the  standard  WC  870 
propellant  and  M52A3B1  primer. 
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Lot  No. 

Propellant 

Primer 

Quantity 

FA-X20-2767 

CR7695  Lot  3 

FAT27E1 

12,000 

FA-X20-2768 

CR7787  Lot  4 

FAT27E1 

12, 000 

FA-X20-2769 

CR7814  Lot  2 

FAT27E1 

12, 000 

FA-X20-2770 

X2048 

FAT27E1 

10, 000* 

KOP  153-18 

WC870AL40378 

M52A3B1 

*NOTE  -  Only  10,  000  rounds  of  lot  FA-X20-2770  were  loaded  at  this  time 
because  it  was  desired  to  hold  the  remaining  quantity  of  propellant  X2048 
for  other  possible  ballistic  tests.  An  additional  quantity  of  approximately 
3500  rounds  was  shipped  to  APG  at  a  later  date. 


All  five  lots  of  20mm  ammunition  were  subjected  to  the  following 
test  program  at  Aberdeen  Proving  Ground. 


Total  Rounds  to  be  Tested  Per  Lot  Per  Test 

Test 

Fired  at 
+70*  F 

Fired  at 
-70*  F 

Fired  at 
+165*  F 

Total  Rds. 
Per  Lot 

Pressure,  Velocity 
and  Action  Time 
(Gage) 

20 

20 

20 

60 

Velocity  (M39  Ma- 
chine  Gun) 

20 

20 

20 

60 

Erosion  (M39  Machine  Gun)  (See  Narrative  Below) 


The  erosion  test  was  fired  in  the  M39  machine  gun  using  a  schedule 
of  125-round  bursts  with  30-second  cooling  between  bursts  and  complete 
cooling  after  every  250  rounds.  A  barrel  was  disqualified  when  (a)  the 
average  velocity  of  any  20  consecutive  cartridges  of  a  burst  was  6%  or 
more  below  the  average  velocity  of  the  first  20  round  burst  fired  in  the 
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new  barrel;  or  (b)  yaw  of  15  degrees  or  more  is  encountered  with  20 
portent  or  more  of  any  consecutive  40  rounds  of  any  burst.  Five  bar¬ 
rels  were  to  be  fired  to  completion  with  each  lot  of  ammunition  if 
sufficient  rounds  were  available. 


DISCUSSION  OF  RESULTS 


Development  of  Extruded  Propellants 

The  quarterly  reports  and  the  final  report  submitted  by  Contrac¬ 
tor  give  a  detailed  account  of  the  progress  of  the  20mm  extruded 
propellant  development.  During  the  entire  period  of  the  development, 
the  contractor  prepared  and  tested  at  his  laboratory  approximately  350 
experimental  20mm  propellants.  The  twenty  different  basic  composi¬ 
tions  utilized  are  listed  in  the  contractor’s  final  report.  Those  samples 
that  were  found  to  be  ballistic  ally  suitable  for  20mm  ammunition  by 
closed  bomb  firings  and  limited  ballistic  testing  at  the  contractor's 
laboratory  were  submitted  to  Frankford  Arsenal  for  ballistic  testing  in 
Cartridge,  Ball,  20mm,  M55.  During  this  phase  of  the  propellant  de¬ 
velopment,  24  such  preliminary  samples  were  found  suitable  at  the 
contractor's  laboratory  and  were  submitted  to  Frankford  Arsenal, 

Table  I  lists  the  identity,  composition,  granulation,  flame  temperature 
and  the  initial  ballistic  performance  at  Frankford  Arsenal  of  these  sam¬ 
ples.  It  should  be  noted  that  in  some  instances  propellant  samples  with 
the  same  composition  and  granulation  gave  vastly  different  ballistics. 
This  is  because  the  compositions  listed  are  nominal  and  do  not  reflect 
the  actual  propellant  composition.  These  samples  were  produced  in  the 
contractor's  semi-works  and  were  2  to  5  lbs,  with  the  result  that  they 
were  generally  exhausted  in  ballistic  testing  so  that  chemical  analysis 
could  not  be  made.  Such  a  chemical  analysis  would  have  probably  indi¬ 
cated  large  differences  in  the  amount  of  deterrent  actually  present  in 
the  samples. 

After  reviewing  the  results  listed  in  Table  I,  it  was  concluded  that 
propellant  Ex7787*  gave  the  most  satisfactory  ballistic  results  of  the 


It  might  be  well  to  note  at  this  point  that  the  contractor  identifies  his 
experimental  propellant  samples  with  Ex  numbers.  However,  if  a  sample 
type  leads  to  an  acceptable  propellant  type,  the  Ex  is  changed  to  CR  (Cool 
Rifle).  Therefore,  propellants  Ex  7787  and  7814  will  be  later  identified 
as  Cr  7787  and  7814. 
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Tabl*  No.  I 


TabU  Idaatity,  CwforilUa,  Qraaalartau,  CatealaUd  f lUM  Tamparatara  aad  BaUlatU  Porta  rmanra  af  Vartaaa,  Ma|U  Baao,  Extrwdod, 

Export rooo til  PropalUof  Whan  Taatod  U  Cartrldga,  20mm,  Boll,  MSS.  BaUUtic  Ragnlramaatj  3 MO  o  SO  f/a  Wtthla  a  Maximum  Avaraga 
Pr  a a aura  of  M,  000  pal  Wttfc  Aa  Aetlaa  Tima  Not  To  Kaeoof  Ma.  a.  Whoa  Flrad  la  A  Praaaaru  Oaga 


PropolUat 

PmpalUat  Conapoalttoo 
aad  Oraaulatiaa 

CalcuUMd 
Plamo  Tamp. 

PropalUat 

Cbarga 

ActUa  Tima 

Oaga  Plrtag 

VaL, 

Praaaara 

Daalgaatiaa 

(NoanUal  la  Porta) 

•K 

If* 

Pvlmar 

ma 

f.a. 

P«t 

Xamarka 

**7756 

100  NttrocoUnlooai 
)  OpAi  1  *>*041  1  TU 
Cnaud  4  ONT  mi  5  OBPi 
0.054"  -  0. 15"  *  1/16" 

2510 

540 

(UU  aaaa) 

M52A5B1 

5.  52 

3272 

44200 

Uaaattabla.  Low  Velocity 

aad  High  actUa  tlma 

ftiTISt 

100  mtrocoDaloaot 

1  OPA4  1  *2*04]  1  TU 
Co*to4  4  DHT  mi  4  OBPt 

0. 040*'  -  0.015"*  1/14" 

2540 

544 

(fall  caaa) 

M52A5B1 

4.  74 

3521 

44700 

UaaaltabU.  Low  Valoclty 
and  High  aettoa  tlma 

**7754 

00  NUroculUUaa; 

1  DBPt  2  K2*04;  1  DP A| 

1  TU  Coa«*4  4  Coat.  No.  1 
0.070"  -  0.015"  *  1/14" 

2450 

575 

(fall  caaa) 

M52A5BI 

2.45 

3540 

53500 

Sattafactory,  coatractor  will 
aupply  addttloaal  aampla 

**7750 

100  NitroeaUaUaot 

2.  K  DBPt  1  OPAj  1  KgMgt 

1  TU  Coatod  7  Coat.  No.  2 
0.040"  -  0.015"  «  1/14" 

2540 

555 

(fall  caaa) 

M52A1B1 

4.  05 

3315 

51900 

UnauitabU.  Low  Valoclty 
aad  High  action  tlma 

**7744 

14  NttrocalUloaa;  2  DBP; 

2  *2804;  1  DPAj  1  TU 
Coatod  5-1/2  Coat.  No.  2 

0,  OTO'l  -  0.01S"  *  1/14" 

2405 

540 

(fall  caaa) 

M52A5B1 

5.  IS 

3201 

44400 

UnauitabU,  Low  Valoclty 
Sampla  mot  balllatically 
almlUar  to  Ex 77 54 
contractor  will  ptU  naw 

aampU 

Ex 7740 

100  NUrocalUUoot 

2  K^BOgj  1  DP  A;  1  TU 
Coatod  0  Coat.  No.  2 

0.045"  -  0.015"  *  1/14" 

2470 

550 

(fall  caaa) 

M52AJB1 

2.44 

3340 

54400 

UnauitabU,  Low  Valoclty 

**7741 

100  NUrocalUUoot 

2  XgSOg)  1  DPAj  1  TU 
Coatod  4  Cart.  No.  2 

0,075"  -  0.015"  a  1/14" 

2400 

570 

(tall  caaa) 

M52A3B1 

2.  74 

334T 

54400 

Maybe  auitablo,  coatractor 
will  maka  additional  aampla 

**7741 

100  NltrocoUalooo} 

2  *2*°4>  1  OPAt  1  TU| 

15  ONT  DoabU  Coatod 
0.070"  -  0.015"  *  */|4" 

544 

(fall  caaa) 

M52A5B1 

3.27 

3314 

51400 

UnauitabU,  Low  Valoclty 

**7741 

100  NitrocalUlooot 

2  *2*04;  1  DPA;  1  TU 
Coatod  7.  5  DMT  aad 

4. 0  Coat.  No.  2 

0.045"  -  0.015"  *  1/14" 

540 

(fall  caaa) 

M52A5B1 

2.4 • 

3345 

60700 

UaaultabU,  High  Praaaura 

**7744 

100  NitrocalUlooot 

2  K2M4}  1  DPAt  1  TU| 
DoabU  Coatod  4  Coat. 

No.  2  aad  4  DNT 

0.070"  -  0.015"  x  1/14" 

574 

M52A3B1 

3.  14 

3414 

55400 

UnauitabU,  High  action 
tlma 

**7707 

100  NitroctLUliaaa; 

2  *2*041  1  DPAt  1  TU 
Coatod  4  Coat.  No.  2 
0.075"  -  0.015"*  1/14" 

2410 

570 

MS2A3B1 

2.44 

3344 

53700 

Satlafactory,  contractor  will 

aupply  additional  aampla 

**77M 

100  NitrocalUlooot 

2  *2*04}  1  DPAt  l  TU 
Coatod  5  Coat.  No.  2 

0.  075"  -  0.015"  x  1/14" 

2410 

570 

M52A5B1 

3.00 

3414 

547.00 

Uaautublo,  action  tlma 

Ugh 

NoTEs  Abbroviatlaaa 

DP  A:  DlphoayUmUa 
K2M4:  PotaaaUm  OalfaU 
DBPt  Dibutyl  PMbaUU 
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i.  I  (Coat'd) 


Action  Tim*  Vol.  Prumt 


Primer  mo  (.  e.  pel  Remarks 

MS2A3B1  3.  IT  3269  45100  Unsuitable,  Low  Velocity 


U52A3B1 

3.  69 

3023 

32000 

Unsuitable,  Low  Velocity, 
High  action  time 

M52A3B1 

3.03 

3330 

514000 

Unsuitable,  Low  Velocity 

M52A3B1 

■  " 

3163 

45500 

Unsuitable,  Low  Velocity 

FAT36E7 

Lot  H 

2.  67 

3220 

47300 

M52A3BI 

1 1 . 65 

3046 

37100 

Unsuitable,  Low  Velocity 

FAT34E7 

Lot  H 

3.  2* 

3139 

39700 

M5ZA3B1 

2.95 

3264 

46100 

Unsuitable,  Low  Velocity 

FAT  3417 

Lot  H 

2.75 

3312 

51400 

M52A3B1 

* 

3403 

57900 

Satisfactory,  Howsvsr 

M52A3BI 

2.79 

3364 

57200 

Satisfactory,  Hooter 
Pressure  High 

M52A3BI 

3.21 

.  3273 

45500 

Unsuitable,  Low  Velocity 

MS2A3B1 

3.  29 

3177 

40400 

Unsuitable,  Low  Velocity 

M52A9B1 

2.17 

3350 

50500 

Satisfactory 

M52A3B1 

3.01 

3269 

47400 

Unsuitable,  Low  Velocity 
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centralite  coated  samples,  while  the  Ex7814  propellant  gave  the  best 
ballistics  of  the  internally  deterred  and  coated  samples.  Accordingly, 
additional  samples  of  propellants  Ex7787  and  Ex7814  were  obtained 
from  Contractor  A  for  a  temperature  coefficient  test  in  Cartridge,  Ball, 
20  mm,  M55.  Since  the  Ex7787  propellant  gave  a  much  better  ballistic 
relationship  with  the  newly  developed  FAT  27E1  primer**than  with  the 
standard  M52A3B1  primer,  the  new  primer  was  used  with  this  propel¬ 
lant  while  the  standard  primer  was  used  with  the  Ex781'4  propellant  and 
with  the  control  ammunition  which  was  loaded  with  CR7695  propellant. 

The  results  of  the  tests  fired  at  +70*,  -70*  and  +165°  F  are  given 
in  Table  II.  These  results  show  that  propellant  Ex7787  with  FAT  27E1 
primer  gave  the  best  results  with  a  spread  of  only  103  feet  in  mean 
velocity  over  the  temperature* range  of  -70°  to  +165*  F.  The  other  two 
experimental  single  base  propellants  (CR7695  and  Ex7814  both  with 
M52A3B1  primers)  also  gave  good  results,  the  spread  in  velocity  be¬ 
ing  162  feet  and  184  feet  respectively.  It  should  be  noted  the  nprmal 
spread  over  the  temperature  range  with  the  standard  ammunition  loaded 
with  ball  WC870  propellant  with  M52A3B1  primers  is  between  250  and 
350  feet  per  second. 

Since  both  experimental  propellants  (Ex7787  and  Ex7814)  appeared 
to  have  temperature  coefficients  better  than  the  standard  propellant 
(WC870),  it  was  decided  to  procure  a  sufficient  quantity  of  both  propel¬ 
lants  from  Contractor  A  in  order  that  ammunition  could  be  loaded  and 
engineering  and  erosion  tests  fired  at  Aberdeen  Proving  Ground.  A 
quantity  af  propellant  CR7695  was  also  ordered  from  this  contractor 
to  be  loaded  into  control  ammunition  for  these  tests. 


Engineering  and  Erosion  Tests  at  Aberdeen  Proving  Ground  with 
Experimental  Propellants  and  Primers 


1.  Ballistic  Tests 

Table  III  gives  the  results  of  the  ballistic  tests  fired  in  the  gage 
and  the  M39  machine  gun  at  +70#,  -70#  and  +165*  F. 


**FAT  27E1  Primer  is  FAT  36E7  Primer  with  modified  hardware  (see 
ref.  5  ). 
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TABLE  II 


Table  of  Ballistic  Data  Showing  Results  after  Storage  for  a  Minimum 
of  2  Hours  at  the  Required  Temperature 
All  firings  in  Gage  with  Cartridge  Ball,  20  mm,  M55 


Propellant  Ex7814,  Charge  585  grs,  Primer  M52A3B1 


Temp.  -*F 

Action  Time 

Velocity 

SD  Pressure 

SD 

of  Firing 

ms 

f/s 

f/s 

psi 

psi 

70 

2.86 

3367 

12 

53100 

1500 

-70 

3.  12 

^3252 

19 

46700 

1600 

+  165 

2.82 

3436 

12 

58000 

1600 

Temperature  Coefficient  (-70* 

to  +165°  F)  = 

0.78  f/s/ 

•F 

Propellant  Ex7787-1, 

Charge  570  grs*  Primer  FAT36E7 

(Now  FAT27E1  Type) 

Temp.  -®F 

Action  Time 

Velocity  SD  Pressure 

SD 

of  Firing 

ms 

f/s  f/s 

psi 

psi 

70 

2.  72 

3370  13 

52900 

1500 

-70 

2.  92 

3300  37 

51000 

3400 

+165 

2.73 

3403  19 

54100 

2100 

Temperature  Coefficient  (-70*  to  +165®  F)  =  0.44  f/s/ 

•F 

Propellant  CR7695-1, 

Charge  566  grs* 

Primer  M52A3B1 

Temp.  -  °F 

Action  Time 

Velocity 

SD 

Pressure 

SD 

of  Firing 

ms 

f/s 

f/s 

psi 

70 

2.  75 

3390 

12 

56100 

2300 

-70 

3.05 

3281 

28 

49800 

3000 

+165 

2.69 

3443 

15 

58100 

2400 

Temperature  Coefficient  (-70°  to  +165°  F)  =  0.69  f/s/®F 
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TABLE  No.  m 


Moult*  of  Ballistic  Teats  at  470*.  -70*  and  4169*  F 


Lot  rA  2767 

CR769S  Lot  3*  Propellant  Charge  999  gre;  Primer  FAT  27E1 


Tomp.  *F 
of  Firing 

Machine 

Velocity 

(.a. 

Qua 

str 

1.  o. 

Action 

Tlmo 

m.  o. 

E.  V. 

m.  o. 

S.  P. 
Voloclty 
f.  •. 

Oago 

8D 
f.  o. 

Pro • our o 

pot 

SD 

+70 

3212 

19 

2.53 

0.  22 

3327 

18 

57900 

2200 

-70 

3167 

25 

2.72 

0.  29 

3308 

13 

60500 

2500 

+165 

3264 

14 

2.  55 

0.13 

3345 

7 

58200 

1700 

Lot  rA  2768 

CR7787  Lot  4;  Propollant  Chargo  978  gro;  Prlmor  TAT  27E1 


Machine  Gun 

Action 

S.P. 

Gag* 

Tomp.  *F 

Voloclty 

8D 

Tlmo 

E.  V. 

Voloclty 

SO 

Pro  •  our  o 

SO 

of  Firing 

f.  o. 

f.  o. 

m.  o. 

m.  o. 

f.o. 

f.  0. 

p*i 

p*1 

+70 

3198 

25 

2.73 

0.  12 

3354 

13 

53800 

1400 

-70 

3079 

37 

2.98 

0.  34 

3269 

22 

48700 

2800 

+  165 

3238 

12 

2.  74 

0.  11 

3373 

14 

57100 

1400 

Lot  FA  2769 

CR7814  Lot  2; 

Propellant  Chargo  573  gro;  Prlmor  FAT  27E1 

Machine  Gun 

Action 

S.  P. 

Gago 

Tomp.  *F 

Voloclty 

SD 

Tlmo 

E.  V. 

Voloclty 

SD 

Prooouro 

8D 

of  Firing 

i.  o. 

f.  0. 

m.  o. 

'  m*  *• 

f.  ». 

f.  *. 

_ 

JifL 

+70 

3219 

22 

2.72 

0.  13 

3357 

9 

94200 

1400 

-70 

3109 

32 

2.  95 

0.  30 

3269 

17 

49600 

2000 

+165 

3245 

14 

2.  72 

0.  08 

3364 

6 

56200 

1000 

Lot  FA  2770 

X2048;  Propollant  Chargo  588gre;  Prlmor  FAT  27E1 


Machine  Gun 

Action 

S.  P. 

Gago 

Tomp.  *F 

Voloclty 

SD 

Time 

E.  V. 

Velocity 

SD 

Pro*  euro 

SD 

of  Firing 

f.  «. 

f.  e. 

m.  ». 

m.  e. 

f.  e. 

f.e. 

P*i 

-E!L 

+70 

3179 

26 

2.93 

0.  18 

3317 

12 

54100 

1300 

-70 

3088 

18 

3.  02 

0.  37 

3236 

23 

56600 

2500 

+  165 

3164 

32 

2.93 

0.  27 

3281 

22 

50700 

1800 

Lot  KOP  153- 

18 

(Badger)  *C  870  AL  40378; 

Propollant  Charge, 

,  Prlmor  M52A3B1 

Machine  Gun 

Action 

S.  P. 

Gag* 

Tomp.  #F 

Velocity 

55" 

Time 

E.  V. 

Velocity 

SD 

Proeeuro 

9D 

of  Firing 

f.  e. 

f.e. 

m.  *. 

m.  e. 

f.e. 

f.  *. 

-EL 

+70 

3284 

30 

2.55 

0.  09 

3362 

12 

50000 

1000 

-70 

3047 

22 

2.78 

0.  19 

3215 

33 

57100 

2568 

+  165 

3402 

10 

2.41 

0.  06 

3505 

8 

60800 

1200 

F.  A.  Gag*  Acceptance 

S7P. 
Velocity 
f.  0. 

Proeeuro 

_ 

3350 

57800 

F.  A.  Gag* 

Acceptance 

S.  P. 
Velocity 
f.  e. 

Proeeuro 

pel 

3383 

55300 

F.  A.  Gago  Acceptance 

sTp. 

Velocity 
f.  e. 

Proeeuro 

pel 

3378 

54800 

F.A,  Gago 

Acceptance 

S.P. 
Velocity 
f.  e. 

Proeeuro 

_p*i 

3357 

54200 
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Table  IV  lists  the  temperature  coefficients  in  machine  gun 
velocity,  gage  velocity,  pressure  and  action  time  over  the  temperature 
range  of  -70*  to  +165 •  F  from  the  data  presented  in  table  III, 

It  should  be  noted  that  all  four  of  the  experimental  propellants 
gave  temperature  coefficients  which  were  much  smaller  than  the  standard 
20mm  ammunition  lot  KOP- 153-18.  All  propellants  were  loaded  into 
20mm  ammunition  which  was  primed  with  the  new  FAT27E1  electric 
primer,  while  the  standard  ammunition  with  the  WC870  propellant  was 
primed  with  the  M52A3B1  electric  primer.  Although  there  are  slight 
differences  in  the  temperature  coefficients  of  the  four  experimental  pro¬ 
pellants,  it  is  believed  that  slight  modifications  of  the  FAT27E1  primer 
to  suit  each  propellant  would  result  in  practically  the  same  temperature 
coefficient  with  each  of  these  experimental  propellants.  It  should  be 
noted  that  the  short  piston  velocities  recorded  at  Aberdeen  Proving  Ground 
for  the  lots  of  cartridges  loaded  at  Frankford  Arsenal  were  all  lower  than 
the  short  piston  velocities  recorded  at  Frankford  Arsenal  at  the  time  of 
loading, 

2.  Erosion  Tests 

The  results  of  the  erosion  tests  with  the  five  lots  of  ammunition 
are  contained  in  table  V. 

The  three  single  base  extruded  cool  burning  propellants  gave 
very  good  uniformity  of  erosion  end  point  in  the  tests. 

The  average  erosion  life  of  four  barrels  with  propellant  CR7695, 
Lot  3  (Lot  FA-X20.  2767)  was  2113  rounds.  When  this  type  propellant  was 
previously  tested  for  erosion  a  barrel  life  of  1723  rounds  was  obtained. 

The  increase  in  barrel  life  may  have  been  due  to  the  lower  flame  tempera¬ 
ture  of  CR7695,  Lot  3.  The  propellant  description  sheets  (see  Appendix) 
indicate  that  the  two  lots  of  CR7695  had  slightly  different  percentages  of 
methyl  centralite  coating.  The  higher  percentage  of  methyl  centralite  in 
Lot  3  resulted  in  about  a  60°  decrease  of  the  flame  temperature. 

The  other  two  experimental  single  base  propellants  CR7814 
(Lot  FA-X20-2769)  and  CR7787  (Lot  FA-X2Q-2768)  gave  essentially  the 
same  average  barrel  life  for  four  barrels;  CR7814  -  2573  rounds  and 
CR7787  -  2558  rounds.  All  three  of  the  experimental  single  base  pro¬ 
pellants  developed  by  Contractor  A  have  approximately  the  same  flame 
temperature,  CR7695  Lot  3  -  2590*  K;  CR7787  Lot  4  -  2590*  K,  and 
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Table  V.  Results  of  Erosion  Tests 
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CR7814  Lot  2  -  2580*  K.  The  longer  barrel  life  obtained  with  propel¬ 
lants  CR7787  and  CR7814  may  be  partially  attributable  to  the  fact  that 
the  chamber  pressure  developed  with  these  two  propellants  is  approxi¬ 
mately  4000  psi  lower  than  the  chamber  pressure  developed  by  propel¬ 
lant  CR7695. 

The  experimental  double  base  rolled  ball  propellant  X2048 
(Lot  FAi-X20-2770)  was  erosion  tested  in  three  barrels.  Two  of  these 
barrels,  No.  259043  and  No.  295480  were  fired  6250  rounds  and  5000 
rounds  respectively  and  were  still  serviceable  when  firing  was  discon¬ 
tinued  due  to  lack  of  ammunition.  As  far  as  is  known  these  two  barrels 
yielded  the  longest  barrel  life  attained  in  M39  erosion  testing  in  the 
United  States,  The  third  barrel,  No.  258868,  was  disqualified  because 
of  excessive  yaw  after  1950  rounds  were  fired.  No  cause  could  be  de¬ 
termined  for  the  early  failure  of  this  barrel.  Dimensionally  there  ap¬ 
peared  to  be  no  significant  difference  among  the  three  barrels  fired 
and  examination  of  the  bore  after  firing  did  not  reveal  any  condition  to 
which  the  failure  of  Barrel  No.  258868  could  be  attributed.  Erosion 
of  the  bore  surface  was  light  and  evidently  was  not  a  factor  in  determin¬ 
ing  life  of  this  barrel. 

The  reason  that  two  barrels  were  not  fired  to  completion  be¬ 
cause  of  lack  of  ammunition  with  Lot  FA-X20-2770,  was  that  originally, 
in  accordance  with  the  established  procedure  at  Aberdeen  Proving 
Ground  three  barrels  were  started  simultaneously  in  the  erosion  test 

one  barrel 
cycle. 

When  the  three  barrels  had  each  reached  the  1750  round  point 
it  was  decided  to  continue  firing  one  barrel  at  a  time  because  of  the 
limited  supply  of  ammunition.  The  ammunition  was  exhausted  when 
barrel  No,  259043  had  reached  the  6250  round  point.  Then  all  of  the 
X2048  propellant  remaining  at  Frankford  Arsenal  was  loaded  into  am¬ 
munition  resulting  in  an  additional  3500  rounds  being  sent  to  Aberdeen 
Proving  Ground.  Barrel  No.  258868  was  fired  to  disqualification  at 
1950  rounds  and  the  remaining  ammunition  was  fired  in  barrel  No,  295480 
in  which  the  total  reached  5000  rounds  without  disqualification.  No  more 
rounds  were  fired  in  Barrel  No.  259043  because  it  was  believed  additional 
firing  would  not  add  to  the  engineering  data. 

There  were  two  differences  which  were  probably  responsible 
for  the  improvement  in  the  erosion  characteristics  of  the  rolled  X2048 


and  were  fired  alternately;  that  is;  a  cycle  was  fired  witfr 
and  while  it  was  cooling  another  barrel  was  fired^Sfterffa 
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propellant  over  those  observed  with  WC870  ball  propellant.  The  X2048 
propellant  has  a  lower  flame  temperature  than  the  conventional  ball 
propellant  and  it  does  not  contain  the  antifoulant  tin-dioxide.  Instead 
of  tin-dioxide  a  cool  deterrent  was  used  which  contributed  to  the  lower 
flame  temperature.  These  erosion  tests  indicated  that  there  were  ap¬ 
parently  no  ill  effects  caused  by  the  removal  of  the  antifoulant  from  the 
X2048  propellant.  Smoke,  fouling  and  flash  tests  will  be  fired  in  the 
final  engineering  tests. 

The  average  erosion  life  for  four  barrels  with  the  control  am¬ 
munition  with  propellant  WC870  (KOP-153-18)  was  3170  rounds.  This 
is  considered  average  for  this  type  of  ammunition. 

The  improvements  with  respect  to  erosion  with  the  three  new 
propellants  were  significant.  The  rolled  ball  propellant  was  superior 
to  the  conventional  ball  propellant  WC870  and  the  new  single  base  ex¬ 
truded  propellants  (CR7814  and  CR7787)  were  superior  to  the  CR7695 
propellant. 


CONCLUSIONS 


It  is  concluded  that: 

a.  With  respect  to  erosion  characteristics  the  new  single  base 
extruded  cool  burning  propellants  (CR7787  and  CR7814)  in  Cartridge 
Ball,  20mm,  M55  with  FAT27E1  primer  are  greatly  superior  to 
IMR7005  propellant  and  are  superior  to  the  previously  developed  single 
base  cool  burning  propellant  CR7695.  Propellants  CR7787  and  CR7814 
apparently  meet  all  the  requirements  for  20mm  aircraft  ammunition. 

b.  With  respect  to  erosion  characteristics  the  new  double  base 
rolled  ball  propellant  X2048,  in  Cartridge,  Ball,  20mm,  M55  with  FAT 
FAT27E1  primer  is  superior  to  the  standard  ball  propellant  WC870. 
Propellant  X2048  apparently  meets  all  the  requirements  for  20mm  air¬ 
craft  ammuntion. 

c.  The  new  primer  FAT27E1  offers  a  substantial  improvement 
in  the  ballistic  characteristics  of  20mm  ammunition  with  respect  to 
high  and  low  temperature  firings.  Primer  FAT27E1  apparently  meets 
all  the  requirements  for  20mm  aircraft  ammuntion. 
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RECOMMENDATIONS 


It  is  recommended  that: 

a.  Final  engineering  and  user  tests  be  made  with  one  or  both  of 
the  single  base  cool  burning  extruded  propellants  CR7787  or  CR7814. 

b.  Final  engineering  and  user  tests  be  made  with  rolled  ball 
propellant  X2048. 

c.  Final  engineering  and  user  tests  be  made  with  primer  FAT27E1. 

d.  Consideration  be  given  to  modification  of  the  FAT27E1  primer 
to  suit  each  individual  propellant  type  prior  to  final  engineering  and  user 
tests. 
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Propellant  Description  Sheet  for  X2048  and  Typical  WC870  Propellant 


Composition  (%) 

X-2048 

WC870  AL  42747 

Nitrocellulose  nitrogen 

13.  15 

a 

Nitrocellulose 

a 

81.  01 

Nitroglycerin 

8.48 

8.  85 

Dibutylphthalate 

7.  95 

6.  22 

Diphenylamine 

0.89 

0.  86 

Dinitrotoluene 

0.  50 

0.  73 

Potassium  nitrate 

0.  60 

0.  73 

Potassium  sulphate 

0.  42 

0 

Tin  dioxide 

0 

0.  77 

Screen  Analysis  (%  Retained) 

Screen  Opening 

(in.  ) 

0.  0469 

0.  1 

0.  00 

0.  0394 

0.  5 

0.  00 

0.  0331 

15.  0 

9.  47 

0.  0280 

46.  3 

50.  86 

0.0232 

37.  5 

38.  81 

0.  0197 

0.  3 

0.  67 

0.0165 

0.  2 

0.  19 

Pan 

0.  1 

0.  00 

Stability  and  Physical  Tests 

120#  C  Heat  Test  (minutes) 

SP 

60 

65 

RF 

180+ 

a 

Exp 

300+ 

300+ 

Form  of  grain 

Rolled 

Ball 

Web  (in. ) 

0.  020 

Gravimetric  density  (gm/cc) 

0.  942 

0.  934 

Specific  Gravity  (gm/cc) 

1.  58 

a 

aNot  reported 
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